Introduction.-During the course of recent work on the energy absorbed by a patient undergoing treatment in a beam of X or gamma rays interest was aroused in the corresponding problem for other types of radiation. A search of the clinical literature revealed how rarely any measurement of radiation is recorded for infra-red, visible or ultra-violet light, and preliminary experiments were therefore made to obtain data in absolute energy units. We shall in the first instance restrict our attention almost exclusively to visible and infra-red radiations as presenting a simpler problem than ultra-violet light.
Methods of measurement of infra-red radiation.-The discovery of infra-red radiation was made by Sir William Herschel in 1800 by inserting thermometers of "exquisite sensibility" in different parts of the solar spectrum, and the method of choice of measurement of infra-red is still to observe the small rise of temperature of an absorber when exposed to the beam. The absorber should seize all energy falling upon it, showing no selective absorptions or reflections and so be independent of the wavelength of the incident radiation. We cannot here discuss the merits of or objections to the various means which have been employed to measure infra-red and visible rays such as the differential thermometer, the thermocouple or thermopile, the microradiometer, the bolometer, the pyroheliometer, the flow calorimeter, superconducting films, or even photoelectric cells. We may simply point out that for therapeutic purposes the total amount of radiation to be measured is usually quite large and that therefore the devices of the physical laboratory to obtain extremely high sensitivity are not required. Stability and simplicitv coupled with reasonable accuracy are of more importance than sensitivitv in instruments designed for clinical use, though in experimental work it is desirable to have considerable reserves of sensitivity available.
We have used in our measurements either a Cambridge Moll type microthermopile or General Electric vacuum thermocouples with appropriate electrical instruments. CHOICE OF CLINICALLY SIGNIFICANT QUANTITY (A) Amount of radiation.-One of the most difficult questions involved in this work is the choice of quantity of greatest clinical significance and it is partially to obtain the views of those using non-ionizing radiations that these preliminary results are set out. We felt it also important to try to obtain uniformity of nomenclature among different workers.
The quantity which stands out as obviously suitable for measuremen:t is intens.ity of radiation. This term "intensity of radiation" should. we suggest, be retained and used in its exact physical sense, namely the amount of energy flowing in one second through one square centimetre perpendicular to the beam. The absolute unit of intensitv, namely ergs per cM.2 per second, would be the natural one in which to express infra-red and visible intensities for therapeutic use but in practice this unit would be too small and we have found more convenient the derived practical unit, namely, one gramme calorie per square centimetre per minute. This unit has the additional advantage of involving the thermal properties of water which are similar to those of soft tissues, and of being in general use when considering the gain and loss of heat by the body, and in measuring solar radiation. It is the equivalent of 6-96 x 105 ergs/cm.2 sec., and will be referred to as "one g.c.m.".
If the intensity of the radiation be known, together with the area of the field, then by multiplication we find the am-ount of energy falling on the body per minute, and JUNE-PHYS. MED. 1 obviously knowing the time of eXposutre mlay calculate the total energy reaching the skin. Owing to the suLrface reflections and emerging scattered radiation this is not a measure of the energy absorbed bv the patient. These reflections whether diffuse or specular vary tin a complex wav with the wavelength of the radiation throughout the visible and infra-red regions (Schultze, 1930; Pearson and Gair, 1931; Bode, 1934) and separate investigations are therefore necessarv to deduce the energy absorption from the incident energy. Much further information on this subject is requirecd. We think it not impossible, for example, that the degree of polarization of the incident radiation may affect the results.
To one accustomed to working with X or gammiiia radiation the physical quantitv of greatest biological significance might appear to be the energy absorbed per unit mass of tissue ("dose") at any depth, Ibut it is doubtful whether this is the important quantity in the infra -red wvl-ere heat sensation as wvell as other phvsiological effects are concerned. Although there is considerable literature -on the penetration of intra-red into soft tissues (Bachem and Reed, 1929, 1931; Cartwright, 1930) the precise distribution of energv throughout the tissues is little understood and very difficult to investigate. We suggest that the word "dose" be reserved for energy absorbed per unit mass to cionform with the practice in other fields.
If we imagine a very intense beam of radiation applied for a very short time the rise of temperature occurring initially in anv small volume of tissue at anv depth will presumably be proportional to the energy absorbed in that volume. Owing t-o the complex physiological response of the organism as *vell as the conductivity of the tissues there will be no simple relationship between the temperature, after even a short period, and the energy originallv absorbed.
It will easilv be seen that in a beam of moderate intensity applied for some time the equilibrium conditions will be hard to predict, but in general the greater the penetration of the beam the greater the depth at which a temperature maximum may be expected. The results of Sonne (1926) show precisely this effect, the relatively penetrating near infra-red producirig a maximlumii temperature at a depth of 5 mm. while the outer infra-red produces its maximnum very near the surface.
In view of these considerations the measurement of incident energy during treatment is evidently the first step to be taken, leaving the more elaborate phvsical investigations to be made while valuable clinical dat:a are being accumulated.
(B) "Qualzity" of radiation-.-Another matter of practical interest is the average wavelength or "qualitv" of the beam of infra-red radiation employed. To the phvsicist the only satisfactory specification of an infra-red source would be the complete energy distribution throUghout its spectrum. Even this Wouldl not be quite satisfactory as smafl absorptions of certain wavelengths take place as the rays pass through the air to the patient. Again, far too little information is available in spite of such pioneer investigations as those of Coblentz and his co-workers (1939) . We are at the moment construlctinig a rock salt spectrometer for detailed investigations of energy distributions. It is known that the same intensitv of radiation in different wavelength regions of the infrared produces different heat sensations (Sonne, 1926; Hartley, 1934) and all the evidence available suggests that here is a question of penetration of the radiation in the tissues. Long wave infra-red beyond about 1-5 1 is stronglv absorbed in superficial lavers of the skin whereas radiations of average wavelength of 1 iA are relativelv penetrating as shown by the work of Sonne (1926) , Cartwright (1930) , Forsythe (Forsythe and Christison, 1930) . and otlhers (Laurens and Foster, 1937; Oppel and Hardy, 1937) . It is nevertheless remarkable how frequently one finds in the literature erroneous statements as to the relative penetration bay different wavelength regions. So far as we can judge all the available evidence indicates that the short wave infra-red radiation immediately adjoining the visible spectrum is the most penetrating, so that very high temperature sources are required if penetration be desired.
This follows from Wien's Law which states that the wavelength of maximum energy in the spectrum is inversely proportional to the absolute temperature of the source if the latter be a "black body", though the law is roughly true for most sources. Thus the higher the temperature of the body the shorter the wavelength of the maximum radiation. For 6,000' K, the approximate temperature of the surface of the stun, the maximum energy is observed in the visible at about 4,800 A. For 2,880' K, a common temperature for the tungsten filament of an electric lamp, the maximum occurs in the near infra-red at 10,000 A (1 p), while for 300' K, approximatelv room temperature, it occurs in the far infra-red at 96,000 A (9-6 ) The energy distribution in the spectrum of a "black body" is in fact completely defined by its surface temperature and even for therapeutic sources a fair idea of the quality of radiation emitted mav be gained from a statement of that temperature.
Since, however, the determination of the energy distribution in the spectrum of a given source requires considerable experience and experimental equipment and its surface temperature is not usually readily measurable it might be worth while to try to obtain some measure of the "qualitv" of a beam by studving its absorption in some standard material. We hav,e therefore carried out experiments along these lines.
Care must be exercised in the interpretation of such results owing to the importance of scattered radiation. If a narrow beam be employed and the filters be placed at some distance from the detector little scattered radiation is included in the measurement, but if wide beams and absorbers near the detector be used a great deal of scattered radiation is collected and the transmission appears much greater.
Two sets of results are given (figs. and 2), only one of which includes appreciable scattered radiation. The difference in apparent transmission from the high temperature sources is marked. We have used throughout Ilford X-ray film cleaned of gelatine but have as yet no experience of the differences which may exist between samples. The absorpt0nn by celluloid clearly does depend upon the temperature of the source and might be a useful criterion of quality.
The effects of filtration by water on the radiation from high and low temperature sources are shown in fig. 2 . Again it will be seen that the low temperature radiation is very heavily absorbed.
CALIBRATION
Absolute standardization.-In this paper we do not wish to discuss at too great length the purely physical investigations into the methods of measurement employed, but will state broadly some of the results of detailed study.
Our results depend ultimately upon the calibration by the National Physical Laboratory, in absolute units, of the Moll microthermopile with fluorite window. The result of this calibration is expressed in the statement that 1 milliwatt of radiant energy per square centimetre produces an e.m.f. of 61-5 microvolts. The thermopile was used in conjunction with a low resistance (8.4 ohms) Cambridge d'Arsonval galvanometer.
Initially a direct deflection method was employed but abandoned in favour of the compensating circuit used by Guild (1930) which gives a much greater range and precision. The voltage was measured with an N.P.L. calibrated Ferranti voltmeter and was divided by resistances of high precision. To check possible changes in the thermopile we were anxious to have available a standard of radiation. As it was not possible to obtain such a standard in this country we applied to the Bureau of Standards, Washington, asking whether such standards were available there. The Director very kindly presented us with a 40 watt carbon filament lamp whose radiation under specified conditions is accurately known. These conditions have been carefully reproduced by us, the power input being measured with substandard calibrated Cambridge instruments. Again, we do not wish here to discuss the results in detail but, suffice it, the observed thermopile e.m.f. agrees with that expected from the two calibrations to within 2%. A comparison of the N.P.L. and N.B.S. scales of radiation was described by Guild in 1937 when it was concluded that the scales agree very closely, certainly to within 2 or 3 parts in a thousand, though inconsistencies of about 1% were observed between different lamps. In view of the many difficulties involved our agreement can be regarded as satisfactory, and it is clear that we have a calibration in absolute units amply precise for clinical purposes.
Relative measurements.-The Moll thermopile, although suitable as a standard instrument, is not convenient for measurement in therapeutic practice and in any case we naturallv do not wish to expose our standard instrument to the rough and tumble of clinical use. However we were fortunate again in having presented to us a number of vacuum thermocouples of the tvpe manufactured by General Electric (Schenectady) and described in the General Electric Review (Stack, 1939; Gen. Elect. Rev., 1941) . These vacuum thermocouples are intended for furnace control. Enclosed in a vacuum the thermocouple consists of a very thin strip of two different metals blackened on one side. Radiant energy of therapeutic intensities falling upon the thermocouple produces easily measureable e.m.f.'s. For example it was soon found that moderate sunshine gave currents of the order of 80 micro-amps. in a robust commercial micro-ammeter of internal resistance 7l75 ohms (Ferranti). The thermocouples are quick acting, a steady reading being obtained in five or six seconds.
For clinical use a thermocouple of this type has been mounted as shown in fig. 3 , coupled with such a micro-ammeter. This instrument reads up to 250 micro-amperes and has been calibrated as below to read directly in gm.cal./cm.2 min. Readings are rarely required above 150 ,ua and an instrument of somewhat higher sensitivity would be an advantage. The whole apparatus is, however, robust, quick acting, very suitable for clinical observations, and may be safely entrusted to semi-skilled personnel.
Investigation of the characteristics of the measuring instruments.-In view of the fact that the Moll thermopile was calibrated at relatively low intensities and that it was to be used at high intensities of radiation it was necessary to investigate the relationship between its e.m.f. and the incident inwensity, that is study any possible deviations from linearity of response. This was carried out by making use of the inverse square law down to intensities at which the calibration was reliable. Initially a 40 watt lamp was used as source but it was not possible owing to its finite size to attain sufficient intensity at distances for which the inverse square law could be safely applied. We therefore obtained a 3 kW.
clear gas-filledtungsten filament lamp (Osram studio lamp) with grid filament giving a very concentrated source. With such a source intensities beyond those ever likely to be encountered in therapeutic practice were obtained at distances not less than 25 cm.
No systematic deviation appeared and no deviation from linearity greater than + 2% was observed over a range of intensities from 0 003 up to 6 5 gm.cal./cm.2 min. In all these experiments great care was necessary to maintain constancy of the supply voltage to the lamp. Having carried out this series of measurements with the Moll we knew the intensities of radiation at various distances from the 3 kW. lamp and used these known intensities It will frequently hap-pen in practice that radiation will not fa'll normally on the skin so-that the flow of energy per unit area across the surface will be reduced approximately in proportion to the cosine of the angle of incidence. The question naturally arises whether the measuring instrument will record correctly the normal intensity corresponding to these other angles of incidence, that is itself obey the cosine law. We have investigated this point and the results of the comparison are demonstrated in fig. 5 . The difference between front and back sensitivity arises from the fact that the back is not blackened. We later make use of this difference in sensitivity in an attempt to estimate reflecti-on from the skin.
Probably the most important objection to the thermocouples in their present form arises from the absorption of long wave infra-red in the glass envelope. The transmission of glass is normally high up to about 2-5 M, falling off gradually until beyond 3-5 /A little is transmitted. For the radiation from high temperature sources such as tungsten filaments at approximately 2,800' K in glass envelopes this absorption is of little importance, but for low temperature sources such as open heaters, either just "visible" or "non-visible", a large fra-ction of the energy lies in the region absorbed by the glass and the instruments are co-rrespondingly less sensitive. In addition the gradual heating of the glass causes troublesome drifts of zero.
Clearly it is desirable to have eventually a clinical measuring instrument free from such wavelength dependence. We had hoped to obtain thermocouples with rock salt or other windows but so far have not succeeded, and it is therefore necessary that the thermocouples at present in use be restricted to the measurement of high tempe'rature radiation unless specifically calibrated for the type of emittier used. T'his is a matter of importance in practice as the glass envelope eliminates long wave infra-red, a relatively small quantity of which produces a vigorous heat sensation. We have made comparison measurements between the sensitivities of the Moll and the General Electric thermocouples for sources at different temperatures. If the sensitivity of the G.E. couple be taken as 10 for high temperature glass-filtered radiation it decreases to approximately O05 for a source at dull red heat. 
APPLICATIONS TO CLINICAL PROBLEMS
The first question we have attempted to answer has been "What are the absolute intensities likely to be encountered in clinical practice?"
During the course of the last few months measurements have been made on about twenty-five patients undergoing treatment with high temperature sources, viz. 500 and 1,000 watt tungsten filament lamps in reflectors. Intensities observed at the centres of treatment fields accepted as "comfortable" bv the patients were found to vary from 0-6 to 3-6, most of the values being in the neighbourhood of 2-0 gm.cal./cm.2 min. On different days, however, the "comfortable" intensities for the same patient were very different, varying in one case from 1-5 to 2-6 and in another from 2-0 to 3-6 g.c.m. It is interesting to remember that the intensity of strong sunlight on a midsummer's day is of the order of 1 to 1-5 gm.cal./cm.2 min. We arrive therefore at the conclusion, which might have been expected, that the absolute intensities of the radiation from clinical sources are of the same order btut generally greater than that of strong sunlight. Not enough data have yet been obtained to sav anything about the variations of sensitivity of different parts of the body or with pathological coniditions. Indeed it is partly the aim of this paper to persuade clinicians carrying out large nulmbers of infra-redl treatments to collaborate in the collection of such data. For comparison we may mention that we find an intensity of the order of 2 gm.cal./cm.2 mill. is about the maximumi for comfort (with the high temperatture source) while the threshold for pain appears to be at about 3 to 4 gm.cal./cm.2 min. in agreement with Hartley (1934) who fouind a value of 3 7 for a similar source. Sonne (1926) found that the maximuLm amouLntS of visible, "inner" and "otuter" infra-red which coutld be borne bv htuman skin were in the ratios of 3 11 to 1-79 to 1 33 gm.cal. /cm.2 min.. values which may be correlated with the differences in penetration by the radiations.
We may now discuLss three fuLrther invlestigations illustrating the Lusefulness of measurements in practice and the kind of problem to which thev may be applied.
It is clear that there is a -ariation of intensitv of radiation over the patient's skin and ve have therefore carried out a series of measurements with an Osram, 500 watt gasfilled pearl glass daylight blue lamp in a reflector, to investigate the kind of variations which mav occur with a normal tvpe of therapeutic souLrce. m. We see immediately how very heterogeneous th-field can be and how, if we wish to obtain a uniform distribution of radiation, other types of source must be devised.
The next study of distribution of radiation arose from a recent paper by Brown, Evans and Mendelssohn (1943) on the action of radiant-heat cradles in which it was reported that burns had occurred. Blackening of the reflector makes a greater heat input tolerable, an effect ascribed to the conversion of supposedly harmful short to long wave radiation. This explanation appeared to us unlikely in view of the experimental evidence already adduced and we -therefore undertook measurements of the radiation inside cradles of standard Ministry of Home Securitv design.
The patient was represented by a cylinder of elliptic cross section semi-axes 18 and 10 cm., measurements being made over the whole of its upper surface. Iso-intensity curves in a polished cradle smaller than that used by the workers quoted show the existence of "hot spots" (fig. 7 ). Measurements were also made with a cradle of standard dimensions having a diffusely reflecting internal surface. It was found that the distribution of radiation is much more even (fig. 8 ), the high spots being much less marked. It seems not impossible that the burns were caused by local concentrations of energy on the skin.
A third distribution problem was also investigated. It is well known that from point sources or radiation the intensity falls off inversely as the square of the distance, and not infrequently one may find the same law applied to a source with a reflector. It is clear on purely physical grounds that no such rule can hold, but we thought it of interest to find the actual variation with distance in a few cases. Fig. 9 shows the intensity of radiation in arbitrary units along the axis of a beam from a lamp (Osram 500 watt) without a reflector, and in its reflector in the three positions previously described. It will be immediately obvious that the inverse square law does not apply and indeed cm. at certain distances as we approach the lamp the intensity actuallv decreases. Diffuse foci are formed whose positions mav be roughlv calculated from the standard formula for spherical mirrors. We would emphasize strongly that the inverse square law does not hbld; that the variation of intensitv with distance is an extremely complex function of the relative position of the lanmp and the reflector; and the only method whereby changes of intensity with focusing can be satisfactorily investigated is by direct measurement. We would also emphasize that variations of 300 to 400%/ can easilv be caused by what may seem relatively small adjustments of focusing position.
TOTAL ENERGY ABSORPTION
As in other fields of radiation measurement for medical purposes, it seems likely that there are two physical quantities of significance, one determining the localized effect and the other the general effect on ithe patient as a whole. For example in the X-rav field we have "dose", that is energy absorbed per unit mass near a given point, which determines to a great extent the response near that point, while recentlv the importance of "integral dose", that is total energy absorbed by the patient, as determining general effects has been more clearly recognized. We are anxious to learn whether there are limiting factors other than local phenomena which govern the administration of radiant heat treatment and if so their nature, so that the appropriate physical quantity may be selected for investigation. It was therefore thought of interest to compare the amounts of energy involved in treatment with very different kinds of electromagnetic radiations (Mayneord, 1942 For comparison it has been assumed that 20% of the incident radiation is reflected in the infra-red, but even then the very large amount of energy absorbed is sufficiently obvious.
It may alsb be of interest to analyse from this point of view jn a little more detail the records of a sample patient. In collaboration with Dr. Flood a preliminary treatment card upon which the observations may be recorded was drawn up, and part of which is reproduced. The physical factors recorded include "incident intensity". This quantity was measured by placing the thermocouple, backed by a black velvet covered wooden disc of 4 in. diameter, on the skin of the patient. Black velvet is well known to give verv little reflection. The column headed "detector facing skin" records the apparent intensitv with the thermocouple reversed and the disc removed.
From these observations and a knowledge of the relative sensitivity of the blackened front and unblackened back of the thermocouple (fig. 5) we had hoped to estimate the approximate reflected intensity and hence deduce the real absorbed energy. It soon appeared that the observations were not likely to yield consistent reflection factors and the method requires further refinement. It is known (Pfleiderer, 1937) that some 40%/O of the incident energy is reflected in the visible, but that the factor is lower at longer wavelengths. Assuming a mean reflection factor of 20% for the high temperature source used, we have calculated 'the total energy absorbed during each treatment and hence the total absorption in the whole course. For the 25 cm. diameter lumbar field and in a twenty minute treatment the individual energy absorptions varied from 11,000 gm.calories to 1]9,600 gm.calories, amounfts quite inadequate to accounrt for the rise of body temperature on purely physical grounds. The total energy absorbed was 140,000 calories during the whole course.
Finally it may well be asked what conditions of treatment from a physical point of view should be specified in order to facilitate a useful interprdtation of the data. Ideally we would like to specify four quantities, namely: (1) the intensity of radiation at every point on the skin; (2) the area irradiated; (3) the time of irradiation; (4) the energy disttribution in the spectrum of the incident radiation.
We have, of course, normally no such information. It is, however, practicable to record: (1) the intensity of radiation in the centre of the field (or at the maximum if the two are not nearly the same) and at the edee: (2) the area irradiated: (3) the time of Proceedings of the Royal Society of Medictne 22 irradiation; (4) the "quality" of radiation, that is to say the nature of the source including its running conditions.
The careful recording and analvsis of such data for a large number of patients could scarcely fail to yield important information as to the most appropriate amounts of fadiataion to be used in various circumstances. Such studies might define the maximum radiation beyond which increase is dangerous, the minimum radiation of real value and provide a basis upon which more exact and quarntitative physiological studies might be built. SUMMARY The paper contains an account of theoretical and experimental work on the measurement of non-ionizing radiations, particularly infra-red and visible light. Reasons are given for suggesting that the incident intensity of radiation in therapeutic practice should be measured in gm.cal./cm.2 min. From such data energy absorption in the patient may be approximately deduced. The absorption in celluloid of radiation from sources of different colour temperatures may form the basis of a "quality" measurement of infra-red.
The standards of radiation measurement employed are a Moll microthermopile with a fluorite window, calibrated by the National Physical Laboratory, and a 40 watt carbon filament lamp calibrated at the National Bureau of Standards, Washington. The two calibrations a(re in agreement. Small vacuum thermocouples have been used in the construction of a clinical instrument whose characteristics were carefully studied. Measurements on patients show that the intensities of radiation employed in practice are frequently of the order of 2 gm.cal./cm.2 min. The threshold for pain appears to be 3 to 4 gm.cal. ,/cm.2 min. The distribution of radiation over a plane perpendicular to the axis of the beam has been studied as well as that over the surface of patients being treated in radiant heat cradles. A study was 'also made of the variation of intensity with distance from a lamp in a reflector. The paper concludes with a discussion of total energy absorption and the most appropriate quantities to measure in practice.
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